The contribution deals with the laser marking as one of the progressive and environment friendly technologies with utilisation in many branches of industry. Engraving and other types of laser marking of different types of materials are very actual technologies these days. Laser marking decreases the waste creation in comparison with the other classical marking technologies, which use paintings or created chips. In this experimental investigation the laser marking surface texturing of material AL99,7 according to STN 42 4003:1993-08 (STN EN 573) has been conducted. The laser marking machine TruMark 6020 and software TruTops Mark were used. Laser surface texturing after laser marking has been realised under different combinations of process parameters: pulse frequency, pulse energy and laser beam scanning speed. The morphological characterization of engraving or annealing surfaces has been performed using scanning electron microscopy (SEM) technique. The evaluation of roughness of engraved surfaces has been realized according to STN EN ISO 4287 by using Surftest SJ 301. The aim of the contribution was to show how different laser parameters affect the surface texture and colour change of metallic materials while creating minimal waste.
Introduction
The laser technology is one of the progressive technologies, which enables towiden the utilization in various parts of production and industry. According to the information from the producers and users, the environmental safety conditions and waste minimization are diminish-ing in the world. They have become questions associated with the requirements for quicker production. The minimizations of the waste and permanent marking of products in the case of changes during the life-service or after damage of parts or during the identification of products are the important requirements of the producers and customers. Laser beam machining of processed materials has become a viable alternative to the conventional methods of machining of materials with changing properties such as strength, stiffness, toughness, resistance to corrosion and biological compatibility [1] . The laser marking is one of the possibilities to achieve these requirements. The contribution deals with the testing of material sheet AL99, 7 (STN 42 4003:1993-08) suitable for various ranges of forming applications. Laser marking results showed the possibility of the laser application to generate different surface structures for tribological modification of metallic materials and design too. Tested samples and structures were obtained by varying the processing conditions between surface engraving and surface re-melting. The evaluation of the achieved results of realized experiments has been realized by visual evaluation of obtained surfaces, roughness measuring and metallographic results. The microstructure and images of morphology of laser engraving tested samples have been expressed by using metallographic microscope Olympus and also illustrated by SEM microscope FEI QUANTA 400 with analyser EDAX. These experiments were prepared in cooperation with TRUMPF Slovakia, s.r.o.
Laser marking
Laser micromachining and laser marking processes are based on the interaction of electromagnetic radiation with a material. The mechanism of material removal includes different stages during this process: (a) melting, (b) vaporization and (c) chemical degradation. When a high energy density of laser beam is focused on the workpiece surface, the thermal energy is absorbed, which heats and transforms the work volume into molten, vaporized or chemically changed material that can be easily removed by flow of high pressure assist gas jet [2, 3] . There are many methods of part or product marking, including labels, ink systems, embossing, mechanical engraving, chemical and dry etching. During material marking with classical methods, many technological steps must be done, which are linked with energy consumption and waste occurring (e.g. tins with paints, worn tools, chips and chemicals) [4, 5] . Each marking method has its use, but laser marking is growing more and more popular and also becoming a very important tool for the development of rapidly growing micro -technology industry. The marking contrast can be achieved by the surface material removal or the colour change. When infrared lasers have been used, marking contrast relied on thermal effects. When UV lasers, such as excimer lasers have been used, marking contrast achieved through a photo-chemical transformation (i.e. colour change) [5, 6] . The utilisation of laser technology in metal processing is shown in Figure 1 .
Reversible interaction between the laser beam and the work-piece, product or tool forms the basis for each process. Figure 2 shows the interaction of laser radiation with the workpiece from various materials, where the incoming laser energy, reflection, absorption and transmission of laser beam into processed materials are shown [5] [6] [7] [8] [9] . The absorption of material vs. wavelength [7] It is also important to understand, how the marked material absorbs laser light at the wavelength of the chosen laser. The absorptivity is the most important material parameter of the workpiece in laser-material interaction. For each configuration the absorptivity is given by the combination of laser parameters (i.e. wavelength, angle of incidence and polarization of the laser radiation) and the material radiative properties, state, geometry of the surface and temperature. A higher value of the resulting absorptivity means that more laser radiation is used for the processing [6] . Ferrous and non-ferrous materials have excellent absorption at 1064 nm, while precious metals do so at 355 and 532 nm [7] . The surface finishing and the coating of the workpiece also affect the absorptivity. Bare metal surface will be difficult to be marked by CO 2 lasers, but it can be easily marked by Nd:YAG or excimer lasers.
Laser marking of materials [5, 6] uses various marking methods as shown in Table 1 .
In engraving, the laser beam removes part of the parent material. The mark is visible as a depression [5] .
In ablation, the laser removes a coating layer. The underlying base material is visible in the mark [5] .
In annealing and colour change processes, the laser heats the workpiece, altering the colour. The surface remains smooth [5] .
In foaming, reactions in the plastic material produce gas bubbles, which form a raised, or textured, mark [5] .
When selecting a laser marking system for a particular application, there are many factors to consider [9] :
• power density, • thermal: thermal conductivity, heat capacity, melting point and heat of vaporisation, • reflectivity: material, wavelength and temperature.
In the marking process, the used energy density is often high enough that the desired vaporization completes in microseconds. A series of vaporized craters in a surface usually alters its appearance. The marking contrast depends on the chemistry of the material, the surface finishing and the colour. A good mark edge resolution is achievable. The mark depth and the width are controllable. Materials such as plastic, glass, ceramic, rubber and metals will be slightly engraved with a distinct change of the surface structure [9] . 
Experimental research, method, set up and discussion
The experimental method and testing of the marked material samples were prepared in the laboratories of Technical University of Kosice, Faculty of Mechanical Engineering, the Department of Process and Environmental Engineering and in Trumpf Slovakia, s.r.o. The laser machine parameters are shown in Table 2 . We used the laser marking machine TruMark 6020 and software TruTops Mark for the testing of the chosen material at various technological parameters.
During the experiment Trumpf navigator system was used, which served for the right laser setting for the tested materials. Figure 3 shows the navigator tested engraved In the research experiment, we used material AL 99,7 according to STN 42 4003:1993-08 (STN EN 573), the mechanical properties and the chemical properties of which are shown in Table 3 and Table 4 respectively.
The shape and the dimension of testing samples are shown in Figure 6 .
In the experiment the laser beam ran through the tested material according the navigator and created the testing fields ( Figure 7 ). The first evaluation of the surface quality and the colour change of the tested material was done visually and by using USB microscope. The colour and surface qualities of the tested fields were varying and dependent on the technological parameters. We chose the most contrasting fields with the different colours from the tested samples (the darkest one and the lightest one) for the next microscope evaluation.
In practice, when the parts must be marked for control or for evidence, it is necessary to make and create contrast labelling of products.
We used the USB microscope for quick and better macro view evaluations. The colour of the marked surfaces changed from silver through grey to black, depending on the laser parameter changes (Figure 8 and Figure 9 ).
From the point of view of surface microgeometry, the surfaces are classified as oriented and non-oriented [9] .
The surfaces of the tested fields, where the laser beam processed the material, can be divided into:
• re-melted oriented surfaces with created lines (the laser beam cross the surface only once) after laser marking with lower speed of laser beam, • re-melted non-oriented surfaces with crossing of laser beam through the surface more than once. Figure 8 shows three types of testing fields with various parameters, according to the navigator. The surface of the field A0 is non-oriented, but the fields A3 and A7 started to show very fine oriented lines. Figure 9 (surfaces of the fields A0, A3, A7) shows oriented fields. The lines with laser beam tracks are visible without any problem.
The microscope OLYMPUS was used next for more detailed evaluation of the surface. The microstructures of marked material from the fields (A0, A3, A7) are shown in Figure 10 , Figure 11 and Figure 12 . During the processing of the fields A0, A3, A7, the stabile marking parameters: speed 20 mm/s and frequencies 10, 40 and 80 kHz were used.
In the field A3 (Figure 11 ), the line spacing at the frequency 40 kHz is seen. According to visual evaluation, significant line spacing is seen in the field A7 at the frequency of 80 kHz, which is the maximal frequency value for the Al material.
The surface of field A0 is non-oriented and melted with evaporated locations. The fields of A3 and A7 have oriented surfaces. Figure 13 , Figure 14 and Figure 15 show the microstructures from the testing fields F0, F3 and F7. During the processing of fields F0, F3 and F7, the stabile speed of marking was 220 mm/s and the frequencies were 10, 40 and 80 kHz. In field F0, -line spacing at pulse frequency 10 kHz is seen, which was not seen in field A0. According to visual evaluation, in field F3 significant line spacing is seen after laser marking and in field F7 the fusion of Al material started, material -melted and the line spacing was not so significant at the frequency of 80 kHz. In Figure 14 , the best lines in the material surface in the tested fields were reached.
In Figure 16 the microstructure after rotation of laser beam is seen and the changed angle in the navigator is as shown in Figure 5 . The laser beam crossed the material four times. The surface layer became re-melted and nonoriented. Figure 17 shows the SEM microstructure of the tested field A0. The surface of the tested sample after laser marking is non-oriented. In the tested field we can see the evaporated locations and the surface tops, which are not in one layer. The surface is pleated.
The chemical composition of material Al 99,7 from field A0 is shown in Table 5 .
The cross section of the tested sample, field A0, left side, is shown in Figure 18 . The border on the left side between the original, non-processed surface and the laser marked surface is observable. Between each laser beam marked lines the depths of craters can be seen with depth values around 136,1 µm. The depth and the shape of the lines are nearly the same. The projections are compact and in the interspaces residual oxides are visible.
The cross section of the tested sample, field A0, right side, is shown in Figure 19 . We can see various depths of the marked sample. The measured depth at the border is 176,4 µm. The original surface of the tested field A0 is without defects and on the right side. In the interspaces residual oxides are visible. In Figure 19 it is seen that, during the starting of laser marking, the occurrence of deeper lines are created, which is dependent on the starting and burn of the laser beam. Figure 20 show the microstructure of tested field F7. The surface of the tested sample after laser marking is ori- ented. We can see the lines after crossing of the laser beam. The lines are repeated at the same distance which is important for marking, to obtain homogeneous and similar surfaces, with the same colour of the marked field.
The chemical composition of material Al 99,7 from field F7 is shown in Table 6 .
The cross section of the tested sample, field F7 (left side) is shown in Figure 21 With the changing of the laser parameters of the tested field F7, the distance between the lines of the tested sample are nearly the same except at the beginning of the marking. The shape of the lines is changed. They are not so deep, but are wider as in the fields A7. The small deviations of the shape occurred at the starting of the marking process.
The cross section of the tested sample, field F7, right side, is shown in the Figure 22 . We can see the various depths of the marked sample. The measured depth at the border is 42,4 µm. The original surface of the tested field F7 is without defects and on the right side. In the interspaces residual oxides are visible.
The surface microgeometry is dependent on the marked material properties and the technological parameters of laser.
Regarding a specific character of microgeometry of marked surfaces the most suitable and elaborated is the evaluation of surface structure by profile-method using a contact profile-meter. For the evaluation of roughness of laser marked surfaces the quantities normalized in STN EN ISO 4287 were used. As the chosen measured parameters, Ra (arithmetical mean deviation of the profile on the sampling length, as the most frequently used quantity) and Rz (maximum height of profile on the sampling length, as the second roughness parameter) were used.
The roughness evaluation was carried out in accordance with STN EN ISO 4287 using Surftest SJ-201. Settings for roughness measurement were-measured profile: Ra, filter: GAUSS, sampling length l (λc): 0,25 mm, number of sampling lengths: N = 5 and number of measured profiles:13. The changes of the surface character can be seen from the profiles measured on material Al 99, 7 in Table 7 and Table 8 .
The values of micro-hardness of Al 99,7 material, measured by micro-hardness machine HMV-2, were changed in relation to the testing field. The greatest value of microhardness 106, 85 was measured in the sample field A0. After changing the laser parameters in the fields A0, A3 and A7, the micro-hardness values decreased from 106, 85 to 50,3.
Conclusion
From laser marking methods, the laser micro machining and laser marking are the best and the mostly applied techniques nowadays to create permanent marks on a wide range of materials and that is why we used them in our research. We realized experimental works on a set of test samples. The test results with different surface morphology can serve to widen the information in the parameter databases of laser marking of materials.
From the experimental results of material marking tests with various laser parameters, we chose different laser parameters and made the conclusions:
• During the visual evaluation of colour scale of engraved surface of Al samples, we found that, with the increase of the pulse frequency and speed, the colour of engraving square passes to a lighter colour shade. The colour scale was changed from silver to black colours depending on the technological parameters. The USB microscope can be used for quick evaluation of surface and colour.
• When we observed the microstructure of material AL 99,7 by the microscope OLYMPUS, we found that with the increase of pulse frequency and speed, oriented structure -lines were observed in the aluminium samples after engraving. The quality of lines -oriented surface, melted or non-oriented surface depends on the laser beam parameters. It is suitable to make -samplers of tested materials.
• The depth of tested engraved surface (created lines) changes depending on the laser beam parameters, but during onsetting, the surface (shape, depth and width) keeps nearly the same dimensions and quality.
• We measured the roughness of the originally tested sample and the roughness of tested fields and the characteristics of roughness profiles werechanging with laser parameters, but in the same field, the roughness profile had nearly the same course except at the beginning of the first line after laser marking of the material.
• We checked the state at the borders of the tested fields (transition from the original surface to the laser marking surface), as it can be seen in Figure 21 and Figure 22 .The quality is satisfactory, without specific melting or burning at the borders. Also it can be seen in the sample in Figure 7 with various testing fields.
• When the number of laser runs across the tested fields increased (from 2 to 10 times), we observed larger thermal effect caused by re-melting of the surface structure.
SEM microscope FEI QUANTA 400 with analyser EDAX were used for detailed visualisation of tested samples, where we confirmed that, by maintaining the settings of laser parameters, the surface quality in a setting does not change and has the same characteristics.
From the environmental point of view, we confirm that the advantages of the laser marking are as follows:
• Laser engraving technology is environmentally friendly from the view of waste creation. Minimum waste is produced during the operation. There are no chips or lubrications as in the classical machining. In comparison with spraying, laser marking does not need paints and other required media.
• Laser graving operation terms very short time and can be done on various shapes and surfaces of workpieces.
• The influence on the working environment is minimal, because the operations are usually carried out in closed cabins with dust extraction by filters and pumps.
• The thermal influence of laser machine and noise influence areminimal as the working space is enclosed.
• Laser marking machines consume less electrical energy (e.g. only 0,45 KWh) in comparison with cutting or welding, where the requirement is from 10 to 16 KWh.
• After right set up, there is guarantee on the repeatability of technology process. It can also be automated, which also reduce the errors and waste production.
The disadvantage we see are in:
• the price and service of the laser machines for small enterprises, • training of staff -there is necessity for learned and specialized workers, • the working environment must be protected, because of the creation of burned surfaces of parts.
The engraving laser method belongs to the new technology, which is used for describing different types of materials. The major advantages of this technology include : a description of permanent good quality, non-contact process (no tools required), minimal-waste treatment; no need for clamped workpieces, low operating costs and business process.
With simple programming the descriptions of serial numbers, texts, barcodes, matrix codes, logos, brands and various symbols can be done.
